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L2 5 ANSWER 1 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 

TI Activation of Peroxisome Prolif erator-Activated Receptor y 

Suppresses Telomerase Activity in Vascular Smooth Muscle Cells 
AB Activation of the peroxisome prolif erator-activated receptor y 

(PPARy) , the mol . target for insulin sensitizing thiazolidinediones 
used in patients with type 2 diabetes, inhibits vascular smooth muscle 
cell (VSMC) proliferation and prevents atherosclerosis and 
neointima formation. Emerging evidence indicates that telomerase 
controls key cellular functions including replicative lifespan, 
differentiation, and cell proliferation. In the present study, the 
authors demonstrate that ligand- induced and constitutive PPAR 
y activation inhibits telomerase activity in VSMCs . 

Telomerase reverse transcriptase (TERT) confers the catalytic activity of 
telomerase, and PPAR. gamma, ligands inhibit TERT 

expression through a receptor-dependent suppression of the TERT promoter. 
5' -Deletion anal., site-directed mutagenesis, and transactivation studies 
using overexpression of Ets-1 revealed that suppression of TERT 
transcription by PPARy is mediated through neg. cross -talk with 
Ets-1 -dependent transactivation of the TERT promoter. Chromatin 
immunopptn. assays further demonstrated that PPAR. gamma, ligands 
inhibit Ets-1 binding to the TERT promoter, which is mediated at 
least in part through an inhibition of Ets-1 expression by PPARy 
ligands. In VSMCs overexpressing TERT, the efficacy of PPARy 
ligands to inhibit cell proliferation is lost, indicating that TERT 
constitutes an important mol. target for the antiproliferative effects of 
PPARy ligands. Finally, the authors demonstrate that telomerase 
activation during the proliferative response after vascular injury is 
effectively inhibited by PPAR. gamma, ligands. These 
. findings provide a previously unrecognized mechanism for the 
antiproliferative effects of PPARy ligands and support the concept 
that PPARy ligands may constitute a novel therapeutic approach for 
the treatment of proliferative cardiovascular diseases. 
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B.; Stone, Jeffrey F. ; Berger, Joel P.; Law, Ronald E.; Bruemmer, Dennis 

CS USA 

SO Circulation Research (2006), 98(7), 977 

CODEN: CIRUAL; ISSN: 0009-7330 
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TI Activation of Peroxisome Prolif erator-Activated Receptor y 

Suppresses Telomerase Activity in Vascular Smooth Muscle Cells 
AB Activation of the peroxisome prolif erator-activated receptor (PPAR) 
y, the mol. target for insulin sensitizing thiazolidinediones used 
in patients with type 2 diabetes, inhibits vascular smooth muscle cell 
(VSMC) proliferation and prevents atherosclerosis and neointima 
formation. Emerging evidence indicates that telomerase controls key 
cellular functions including replicative lifespan, differentiation, and 
cell proliferation. In the present study, we demonstrate that 
ligand- induced and constitutive PPAR. gamma, activation 
inhibits telomerase activity in VSMCs. Telomerase reverse 
transcriptase (TERT) confers the catalytic activity of telomerase, and 
PPAR. gamma, ligands inhibit TERT expression through a 

receptor-dependent suppression of the TERT promoter. 5' -deletion anal., 
site-directed mutagenesis, and transactivation studies using 
overexpression of Ets-1 revealed that suppression of TERT transcription by 
PPARy is mediated through neg. cross-talk with Ets - 1-dependent 
transactivation of the TERT promoter. Chromatin immunopptn. assays 



further demonstrated that PPAR. gamma, ligands inhibit 

Ets-1 binding to the TERT promoter, which is mediated at least in part 
through an inhibition of Ets-1 expression by PPARy ligands. In 
VSMCs overexpressing TERT, the efficacy of PPARy ligands to inhibit 
cell proliferation is lost, indicating that TERT constitutes an important 
mol. target for the antiproliferative effects of PPARy ligands. 
Finally, we demonstrate that telomerase activation during the 
proliferative response after vascular injury is effectively 
inhibited by PPAR. gamma, ligands. These findings 

provide a previously unrecognized mechanism for the antiproliferative 
effects of PPARy ligands and support the concept that PPARy 
ligands may constitute a novel therapeutic approach for the treatment of 
proliferative cardiovascular diseases. 
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L2 5 ANSWER 3 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 

TI PPARy gene transfer sustains apoptosis, inhibits vascular smooth 
muscle cell proliferation, and reduces neointima formation after 
balloon injury in rats 

AB Objective- There is still debate as to whether antiatherosclerotic effect 
of PPARy ligands is dependent on PPARy gene itself or some 
other pathway. Methods and Results- To investigate the effect of 
PPARy gene modulation on neointima formation after balloon 
injury, we delivered adenoviral vectors expressing the wild-type (WT) 
dominant neg. (DN) PPARy, or a control gene (p-galactosidase 
[BG] ) into carotid artery after balloon injury in rosiglitazone (a 
PPARy ligand) -treated (R+) (3 mg/kg/d) and nontreated (R-) rats. 
Two weeks after gene delivery, in both R+ and R- animals, the 
PPARy-WT gene transfer showed a significantly lower intima-media 
ratio (IMR) than control group. Moreover, the delivery of a 
PPARy-DN form showed the highest IMR (in R+WT, 0.51±0.15; R+BG, 
0.89±0.14; R+DN, 1.20+0.18, P<0 . 05 and in R-WT, 0.91±0.21; R-BG, 
1.44±0.23; R-DN, 1.74±0.29, P<0.05). Proliferation and migration 
showed same result pattern as IMR. In addition, apoptotic indexes were 
significantly higher in the PPARy-WT gene transferred group than in 
the PPARy-DN group. Conclusions- In vivo transfer of the 
PPARy-WT gene was found to inhibit smooth muscle proliferation, 
sustain apoptosis, and reduce neointima formation after balloon 
injury irresp. of rosiglitazone treatment. These results indicate that 
PPARy overexpression itself has a protective role against restenosis 
after balloon injury. 
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muscle cell proliferation, and reduces neointima formation after 

balloon injury in rats 
AU Lim, Soo; Jin, Cheng Ji; Kim, Min; Chung, Sung Soo; Park, Ho Seon; Lee, In 

Kyu; Lee, Choon Taek; Cho, Young Min; Lee, Hong Kyu; Park, Kyong Soo 
CS Department of Internal Medicine, Seoul National University College of 

Medicine, S. Korea 
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L2 5 ANSWER 4 OF 9 CAPLUS COPYRIGHT 2007 ACS on STN 
TI New targets for PPARy in the vessel wall: implications for 
restenosis 

AB A review. Peroxisome prolif erator-activated receptor {gamma} 

(PPARy) , the nuclear receptor that binds the insulin-sensitizing 
thiazolidinediones (TZDs) , is prominently upregulated in intimal vascular 
smooth muscle cells (VSMC) after mech. injury to the vessel wall. Several 
TZD PPARy ligands have been shown to inhibit neointima 
formation in both normal and insulin-resistant vasculature. The 
suppression of intimal hyperplasia by TZD PPARy ligands probably 
results from their activity to inhibit VSMC growth and promote apoptosis . 
TZDs prevent VSMC proliferation by blocking the activity of regulatory 
proteins, such as phosphorylation of the retinoblastoma protein (Rb) . Rb 
functions as a Gl gatekeeper by controlling S phase gene expression 
mediated by the E2F transcription factor. Consistent with their effect on 
Rb phosphorylation, PPAR. gamma, ligands inhibit the 

mitogenic induction of mini chromosome maintenance (MCM) proteins 6 and 7, 

two E2F-regulated S phase genes essential for DNA replication. 

PPARy ligands also induced apoptosis in VSMC, which correlated with 

a potent induction of GADD45, a gene implicated in controlling cell growth 

and survival. A constitutively active form of PPARy targeted the 

same cell cycle regulators as did PPARy ligands, consistent with a 

nuclear-receptor-dependent mechanism of action. This review will 

summarize mechanisms through which PPARy modulates VSMC 

proliferation and apoptosis suggesting that PPARy itself is a novel 

important regulator of cell cycle and apoptosis and may provide a new 

therapeutic approach to prevent restenosis. 
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L25 ANSWER 5 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 
TI Lysophosphatidic acid analogs and inhibition of neointima 
formation 

AB The phospholipid growth factor lysophosphatidic acids (LPAs) containing 
unsatd. fatty acids (18:1, 18:2 and 20:4) and fatty ales, containing 
hydrocarbon chains with more than 4 carbons were capable of inducing a 
rapid formation of neointima, an initial step in the development 
of atherosclerotic plaque. LPAs with saturated fatty acids did not induce 
neointima formation. A Peroxisome Prolif erator-Activated 
Receptors gamma (PPARy) -specific agonist Rosiglitasone also induced 
a profound formation of neointima. GW9662, a selective and 
irreversible antagonist of PPAR. gamma., abolished LPA- 
and Rosiglitazone-induced neointima formation, indicating that 
LPA- induced neointima formation requires the activation of 



AN 
DN 
TI 



PPARy. These data suggest that LPA analogs that bind to but do not 
activate downstream signaling of PPARy or antagonists of 
PPAR. gamma, that inhibit PPAR. gamma, signaling 

would be useful in the prevention and/or treatment of neointima 
formation and atherosclerosis. 
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L25 ANSWER 6 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 

TI Thrombogenic and atherogenic activities of lysophosphatidic acid 

AB A review. Lysophosphatidic acid (LPA) has been identified as a biol. 

active lipid in mildly-oxidized LDL, human atherosclerotic lesions, and 
the supernatant of activated platelets. The evidence that LPA has 
thrombogenic and atherogenic activities has increased substantially in 
recent years. Supporting the thrombogenic activity of LPA, anal, of the 
core region of human carotid plaques revealed recently the presence of 
alkyl- and acyl-mol. species from LPA with high platelet -activating 
potency (16:0 alkyl-LPA, 20:4 acyl-LPA) . LPA, lipid exts. of 
atherosclerotic plaques, and the lipid-rich core elicited shape change 
and, in synergy with other platelet stimuli, aggregation of isolated 
platelets. This effect was completely abrogated by prior incubation of 
platelets with LPA receptor antagonists. Furthermore, LPA at concns . 
approaching those found in vivo, induced platelet shape change, 
aggregation, and platelet-monocyte aggregate formation in blood. 
LPA-stimulated platelet aggregation was mediated by the ADP-stimulated 
activation of the P2Y1 and P2Y12 receptors. Supporting its atherogenic 
activity, LPA is a mitogen and motogen to vascular smooth muscle cells 
(VSMCs) and an activator of endothelial cells and macrophages. Recently, 
LPA has been identified as an agonist of the peroxisome proliferator 
activating receptor y (PPARy), which is a key regulator of 
atherogenesis . LPA elicits progressive neointima formation, 
which is fully abolished by GW9662, an antagonist of 



PPAR. gamma. . We propose that LPA plays a central role in 
eliciting vascular remodeling and atherogenesis . Furthermore, upon 
rupture of lipid-rich atherosclerotic plaques, LPA may trigger platelet 
aggregation and intra-arterial thrombus formation. Antagonists of LPA 
receptors might be useful in preventing LPA-elicited thrombus formation 
and neointima formation in patients with cardiovascular 
diseases . 
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L25 ANSWER 7 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 
TI Lysophosphatidic acid induces neointima formation through 
PPARy activation • 

AB Neointimal lesions are characterized by accumulation of cells within the 
arterial wall and are a prelude to atherosclerotic disease. Here the 
authors report that a brief exposure to either alkyl ether analogs of the 
growth factor- like phospholipid lysophosphatidic acid (LPA) , products 
generated during the oxidative modification of low d. lipoprotein, or to 
unsatd. acyl forms of LPA induce progressive formation of 
neointima in vivo in a rat carotid artery model. This effect is 
completely inhibited by the peroxisome prolif erator-activated receptor ( 
PPAR)y antagonist GW9662 and mimicked by 
PPARy agonists Rosiglitazone and 1 -O-hexadecyl-2 - 

azeleoylphosphatidylcholine . In contrast, stearoyloxovalerylphosphatidylc 

holine, a PPARa agonist and the polypeptides epidermal growth 

factor, platelet-derived growth factor, and vascular endothelial growth 

factor failed to elicit neointima. The structure-activity 

relation for neointima induction by LPA analogs in vivo is 

identical to that of PPARy activation in vitro and disparate from 

that of LPA G protein-coupled receptor activation. Neointima 

-inducing LPA analogs up-regulated the CD36 scavenger receptor in vitro 

and in vivo and elicited dedif f erentiation of cultured vascular smooth 

muscle cells that was prevented by GW9662 . These results suggest that 

selected LPA analogs are important novel endogenous PPARy ligands 

capable of mediating vascular remodeling and that activation of the 

nuclear transcription factor PPARy is both necessary and sufficient 

for neointima formation by components of oxidized low d. 

lipoprotein. 
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L25 ANSWER 8 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 

TI Peroxisome prolif erator-activated receptor y inhibits transforming 

growth factor p-induced connective tissue growth factor expression in 
human aortic smooth muscle cells by interfering with Smad3 

AB Activation of peroxisome prolif erator-activated receptor y 
(PPARy) after balloon injury significantly inhibits VSMC 
proliferation and neointima formation. However, the precise 
mechanisms of this inhibition have not been determined The authors 
hypothesized that activation of PPARy in vascular injury could 
attenuate VSMC growth and matrix production during vascular lesion formation. 
Since connective tissue growth factor (CTGF) is a key factor regulating 
extracellular matrix production, abrogation of transforming growth factor 
P (TGF-p) -induced CTGF production by PPARy activation may be 
one of the mechanisms through which PPAR. gamma, agonists 
inhibit neointima formation after vascular injury. In 
this study, the authors demonstrate that the PPARy natural ligand 
(15-deoxyprostaglandin J2) and a synthetic ligand (GW7845) significantly 
inhibit TGF-p- induced CTGF production in a dose -dependent manner in 
HASMCs. In addition, suppression of CTGF mRNA expression is relieved by 
pretreatment with an antagonist of PPAR. gamma. 

(GW9662), suggesting that the inhibition of CTGF expression is mediated by 
PPARy. To elucidate further the mol . mechanism by which 
PPAR. gamma, inhibits CTGF expression, an 

. apprx. 2-kilobase pair CTGF promoter was cloned. The authors found that 
PPAR. gamma, activation inhibits TGF-p-induced CTGF 

promoter activity in a dose-dependent manner, and suppression of CTGF 
promoter activity by PPARy activation is completely rescued by 
overexpression of Smad3 , but not by Smad4 . Furthermore, PPARy phys . 
interacts with Smad3 but not Smad4 in vitro in glutathione S-transf erase 
pull-down expts. Taken together, the data suggest that PPAR 
y inhibits TGF-p-induced CTGF expression in HASMCs by 
directly interfering with the Smad3 signaling pathway. 
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TI Control of vascular cell proliferation and migration by PPAR-y: A 
new approach to the macrovascular complications of diabetes 

AB A review with 82 refs. Compared with nondiabetic subjects, type 2 

diabetic individuals are at an increased risk for coronary artery disease 
and coronary restenosis after angioplasty or stenting. Increased 
proliferation and migration of vascular smooth muscle cells (VSMCs) 
contribute importantly to the formation of both atherosclerotic and 
restenotic lesions. Therefore, pharmaceutical interventions targeting 
proteins that regulate VSMC growth or movement are a promising new 
approach to treat diabetes-associated cardiovascular disease. Peroxisome 
prolif erator-activated receptor-y (PPAR-y) is a member of the 



nuclear receptor superfamily that, when activated by thiazolidinedione 
(TZD) insulin sensitizers, regulates a host of target genes. All of the 
major cells in the vasculature express PPAR-y, including endothelial 
cells, VSMCs, and monocytes/macrophages. PPAR-y is present in 
intimal macrophages and VSMCs in early human atheromas. In an animal 
model of vascular injury, PPAR-y levels are substantially elevated 
in the neointima that forms after mech. injury of the 
endothelium. Recent exptl. studies provide evidence that PPAR-y may 
function to protect the vasculature from injury. Cell culture studies 
have shown that TZD PPAR-y ligands inhibit both 
the proliferation and migration of VSMCs. These antiatherogenic 
activities of PPAR-y may also occur in vivo, because TZDs inhibit 
lesion formation in several animal models. PPAR-y ligands may also 
protect the vasculature indirectly by normalizing metabolic abnormalities 
of the diabetic milieu that increase cardiovascular risk. Activation of 
PPAR-y, newly defined in vascular cells, may be a useful approach to 
protect the vasculature in diabetes. 
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L3 ANSWER 16 OF 16 EMBASE COPYRIGHT (c) 2007 Elsevier B.V. All rights 
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TI The significance of platelet-derived growth factors for proliferation of 
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L4 ANSWER 1 OF 9 EMBASE COPYRIGHT (c) 2007 Elsevier B.V. All rights 
reserved on STN 

TI Thrombogenic and atherogenic activities of lysophosphatidic 
acid. 
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TI Techniques: Cardiovascular pharmacology and drug discovery in the 21st 
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L4 ANSWER 3 OF 9 EMBASE COPYRIGHT (c) 2007 Elsevier B.V. All rights 
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TI Lysophosphatidic Acid Induces Neointima 

Formation Through PPARy Activation. 
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TI Potential role of lysophosphatidic acid in 

hypertension and atherosclerosis. 
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TI Rac regulates cardiovascular superoxide through diverse molecular 
interactions: More than a binary GTP switch. 
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TI The significance of platelet-derived growth factors for proliferation of 
vascular smooth muscle cells. 
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L4 ANSWER 1 OF 9 EMBASE COPYRIGHT (c) 2007 Elsevier B.V. All rights 
reserved on STN 

TI Thrombogenic and atherogenic activities of lysophosphatidic 
acid. 

AB Lysophosphatidic acid (LPA) has been identified as a 

biologically active lipid in mildly-oxidized LDL, human atherosclerotic 
lesions, and the supernatant of activated platelets. The evidence that 
LPA has thrombogenic and atherogenic activities has increased 
substantially in recent years. Supporting the thrombogenic activity of 
LPA, analysis of the core region of human carotid plaques revealed 
recently the presence of alkyl- and acyl -molecular species from LPA with 
high platelet-activating potency (16:0 alkyl-LPA, 20:4 acyl -LPA) . LPA, 
lipid extracts of atherosclerotic plaques, and the lipid-rich core 
elicited shape change and, in synergy with other platelet stimuli, 
aggregation of isolated platelets. This effect was completely abrogated 
by prior incubation of platelets with LPA receptor antagonists. 
Furthermore, LPA at concentrations approaching those found in vivo, 
induced platelet shape change, aggregation, and platelet-monocyte 
aggregate formation in blood. LPA-stimulated platelet aggregation was 
mediated by the ADP- stimulated activation of the P2Y(1) and P2Y(12) 
receptors. Supporting its atherogenic activity, LPA is a mitogen and 
motogen to vascular smooth muscle cells (VSMCs) and an activator of 
endothelial cells and macrophages. Recently, LPA has been identified as 
an agonist of the peroxisome proliferator activating receptor y 
(PPARy) , which is a key regulator of atherogenesis . LPA elicits 
progressive neointima formation, which is fully abolished by 
GW9662, an antagonist of PPARy. We propose- that LPA plays 
a central role in eliciting vascular remodeling and atherogenesis. 
Furthermore, upon rupture of lipid-rich atherosclerotic plaques, LPA may 
trigger platelet aggregation and intra-arterial thrombus formation. 
Antagonists of LPA receptors might be useful in preventing LPA-elicited 
thrombus formation and neointima formation in patients with 
cardiovascular diseases. .COPYRGT. 2004 Wiley-Liss, Inc. 
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TI Techniques: Cardiovascular pharmacology and drug discovery in the 21st 
century. 

AB The latter half of the 20th century has been characterized by 

pharmacologists as the 'age of the receptor' , an era in which the 
bioassay, that stalwart of classical pharmacology, has played a seminal 
role in identifying novel cardiovascular medicines. In this article, we 
ask what, if anything, has changed in the pharmacologist's approach to 
discovering novel cardiovascular drugs on this, the 2 5th anniversary of 
the inaugural publication of Trends in Pharmacological Sciences. 
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L4 ANSWER 3 OF 9 EMBASE COPYRIGHT (c) 2007 Elsevier B.V. All rights 
reserved on STN 

TI Lysophosphatidic Acid Induces Neointima 
Formation Through PPARy Activation. 

AB Neointimal lesions are characterized by accumulation of cells within the 
arterial wall and are a prelude to atherosclerotic disease. Here we 
report that a brief exposure to either alkyl ether analogs of the growth 
factor- like phospholipid lysophosphatidic acid (LPA) , 
products generated during the oxidative modification of low density 
lipoprotein, or to unsaturated acyl forms of LPA induce progressive 
formation of neointima in vivo in a rat carotid artery model. 
, This effect is completely inhibited by the peroxisome prolif erator- 
activated receptor (PPAR)y antagonist GW9662 and mimicked 
by PPARy agonists Rosiglitazone and 1-O-hexadecyl -2 -azeleoyl - 
phosphatidylcholine. In contrast, stearoyl-oxovaleryl 
phosphatidylcholine, a PPARct agonist and polypeptide epidermal 
growth factor, platelet -derived growth factor, and vascular endothelial 
growth factor failed to elicit neointima. The 

structure-activity relationship for neointima induction by LPA 

analogs in vivo is identical to that of PPARy activation in vitro 

and disparate from that of LPA G protein-coupled receptor activation. 

Neointima- inducing LPA analogs up-regulated the CD36 scavenger 

receptor in vitro and in vivo and elicited dedif f erentiation of cultured 

vascular smooth muscle cells that was prevented by GW9662. These results 

suggest that selected LPA analogs are important novel endogenous 

PPARy ligands capable of mediating vascular remodeling and that 

activation of the nuclear transcription factor PPARy is both 

necessary and sufficient for neointima formation by components 

of oxidized low density lipoprotein. 
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L4. ANSWER 4 OF 9 EMBASE COPYRIGHT (c) 2007 Elsevier B.V. All rights 
reserved on STN 

TI Potential role of lysophosphatidic acid in 
hypertension and atherosclerosis. 

AB Background: Lysophosphatidic acid (LPA) is present in 

both serum and cytosol. Serum LPA is mainly released from platelets 
whereas cycosolic LPA is the metabolite of phosphatidic acid due to the 
action of phopholipase A(2) . Because platelet function and phospholipase 
A (2) activity are upregulated in hypertensive and coronary heart disease 
patients, respectively, plasma and cytosolic tPA levels are expected to be 
higher in these pathological conditions. Observations: LPA is known to 
cause platelet aggregation and thus release more LPA as well as 
platelet-derived growth factor; this positive feedback circuit leads to 
the continuous growth of vascular smooth muscle cells (VSMCs) . LPA also 
increases the intracellular concentration of free calcium in VSMCs and 
elevates the blood pressure. LPA content in the atherosclerotic plaque is 
elevated about 13 times "in comparison with normal tissues because oxidized 
low-density lipoproteins promote the production of LPA. On the other 
hand, LPA has been shown to protect the heart from ischemia and 
reperfusion- induced damage due to its antiapoptosis effect. Because LPA 
has been reported to stimulate mitogen-activated protein kinase, 
phosphatidylinositide-3 -kinase and protein kinase C, this bioactive 
phospholipid may be involved in the signal transduction mechanisms during 
the process of cardiac hypertrophy. Conclusions: Due to its ability to 
increase intracellular Ca(2+) and proliferation of VSMCs, LPA may play an 
important role in the development of hypertension and 
atherosclerosis. It is therefore suggested that LPA antagonists 
may prove useful in the treatment of both hypertension and 
atherosclerosis . 
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The significance of platelet-derived growth factors for proliferation of 
vascular smooth muscle cells. 

Platelets are important in acute thrombotic occlusion of injured vessels, 
e.g., subsequent to angioplasty. In contrast to these acute events of 
thrombus formation, much less is known about the significance of platelets 
for the control of smooth muscle cell (SMC) proliferation. A body of 
experimental and clinical evidence indicates an involvement of platelets 
in the pathology of atherosclerosis and restenosis. However, 
the precise role of platelet-derived growth factors for SMC proliferation 
in atherosclerotic and restenotic vessels is not clear and many questions 
remain unresolved. Platelet -dependent SMC mitogenesis is determined by a 
coordinate action of several classes of mitogenic factors which are either 
released from storage pools or generated upon platelet activation. 
Although platelet-derived growth factor '( PDGF) is considered to be the 
most important platelet mitogen it is very likely that yet unknown factors 
and mechanisms are involved. Differential (stimulatory or inhibitory) 
effects on SMC growth and differentiation have been reported for different 
platelet -derived growth factors. Thus, for the overall response, complex 
interactions between multiple factors need to be considered. In addition, 
multicellular interactions, e.g., between platelets and endothelial cells 
may modulate the effects of platelet-derived factors on SMC mitogenesis. 
Taken together, the mechanisms of platelet-dependent SMC proliferation 
need to be reevaluated. The assessment of the precise role of platelet 
mitogens in the complex proliferative repair mechanisms of an injured 
vessel wall clearly requires further studies. 
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ANSWER 7 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 
Subtype-Selective Antagonists of Lysophosphatidic Acid 
Receptors Inhibit Platelet Activation Triggered by the Lipid Core of 
Atherosclerotic Plaques 

Lysophosphatidic acid (LPA) is a platelet-activating 

component of mildly oxidized LDL (mox-LDL) and lipids isolated from human 
atherosclerotic plaques. Specific antagonists of platelet LPA receptors 



could be useful inhibitors of thrombus formation in patients with 
cardiovascular disease. Short-chain analogs of phosphatidic acid (PA) 
were examined for their effect on two initial platelet responses, platelet 
shape change and Ca2+ mobilization. Dioctylglycerol pyrophosphate 
[DGPP(8:0)] and dioctylphosphatidic acid [PA(8:0)], recently described 
selective antagonists of the LPA1 and LPA3 receptors, inhibited platelet 
activation evoked by LPA but not by other platelet stimuli. DGPP(8:0) was 
more potent than PA(8:0). DGPP(8:0) also inhibited platelet shape change 
induced by mox-LDL and lipid exts. from human atherosclerotic plaques. 
Notably, we demonstrate for the first time that the lipid-rich core 
isolated from. soft plaques was able to directly induce shape change. This 
effect was completely abrogated by prior incubation of platelets with 
DGPP(8:0). Moreover, coapplication of the lipid-rich core or LPA together 
with subthreshold concns . of ADP or epinephrine synergistically induced 
platelet aggregation; this effect was inhibited by DGPP(8:0). Anal, by 
liquid chromatog. -mass spectrometry revealed the presence of LPA alkyl- and 
acyl-mol. species with high platelet-activating potency (16 : O-alkyl-LPA, 
20 :4-acyl-LPA) . LPA mols. present in the core region of atherosclerotic 
plaques trigger rapid platelet activation through the stimulation of LPA1 
and LPA3 receptors. Antagonists of platelet LPA receptors might provide a 
new strategy to prevent thrombus formation in patients with cardiovascular 
diseases . 
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L4 ANSWER 8 OF 9 CAPLUS COPYRIGHT 2 007 ACS on STN 

TI Activation of human monocytic cells by lysophosphatidic 
acid and sphingosine-1 -phosphate 

AB Lysophosphatidic acid (LPA) and sphingosine-1- 

phosphate (SIP) are serum-borne lipid mediators with potential 
proinflammatory and atherogenic properties. The authors studied the 
effects of LPA and SIP on [Ca2+]i, a second messenger of cellular 
activation, in human monocytic Mono Mac 6 (MM6) cells. LPA and SIP 
induced [Ca2 + ] i transients with EC50 values of 47 and 340 nM,. resp. Ca2 + 
signals evoked by LPA and SIP originated mainly from the stimulation of 
Ca2+ entry, were blocked by the phospholipase C inhibitor U73122, and were 
inhibited by pertussis toxin. The LPA1 and LPA3 receptor 
antagonist dioctylglycerol pyrophosphate inhibited the LPA- induced 
Ca2+ signal. Notably, serum and minimally modified LDL (mm-LDL) evoked 
[Ca2+]i increases that were mediated entirely via activation of LPA 
receptors. Reverse transcriptase polymerase chain reaction (RT-PCR) anal, 
showed the presence of the LPA and SIP receptor subtypes LPA1, LPA2 , S1P1, 
S1P2, S1P4 in MM 6 cells, human monocytes, and macrophages. Thus, LPA, 
mm-LDL, and serum induce via activation of the LPA1 receptor a 
Gi/phospholipase C/Ca2+ signaling pathway in monocytes. This study is the 
first report showing the receptor-mediated activation of human monocytes 
by low nanomolar concns. of LPA and SIP, and suggests a role of these 
lipid mediators in inflammation and atherogenesis . 
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TI Lysophosphatidylcholine stimulates phospholipase D activity in mouse 
peritoneal macrophages 

AB Lysophosphatidylcholine (lysoPC) is a bioactive phospholipid that is 
involved in atherogenesis and inflammatory processes. However, the 
present understanding of mechanisms whereby lysophosphatidylcholine exerts 
its pathophysiol . actions is incomplete. In the present work, the authors 
show that lysoPC stimulates phospholipase D (PLD) activity in mouse 
peritoneal macrophages. PLD activation leads to the generation of 
important second messengers such as phosphatidic acid, 
lysophosphatidic acid, and diacylglycerol , all of which 
can regulate cellular responses involved in atherogenesis and 
inflammation. The activation of PLD by lysoPC was attenuated by 
down- regulation of protein kinase C activity with prolonged incubation 
with 100 nM of 4(3-phorbol 12-myristate 13 -acetate (PMA) . 
Preincubation of the macrophages with the tyrosine kinase inhibitor 
genistein also decreased the stimulation of PLD by lysoPC, while 
pretreatment with orthovanadate , which inhibits tyrosine phosphatases, 
enhanced basal and lysoPC-stimulated PLD activity. The activation of PLD 
by lysoPC was attenuated by the platelet activating factor (PAF) receptor 
antagonist WEB-2086, suggesting a role for PAF receptor activation 
in this process. Furthermore, acetylation of lysoPC substantially 
increased its potency in activating PLD, suggesting that a cellular 
metabolite of lysoPC such as 1-acyl 2 -acetyl PC might be responsible for 
at least part of the effect of lysoPC on PLD. 
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TI Lysophospholipid receptors 1 

AB A review. The lysophospholipids (LPLs) include lysophosphatidic 
acid (radyl -lyso -glycerophosphate ) , 2,3-cyclic phosphatidic acid, 
1-alkyl -2 -acetyl -glycero-3 -phosphate, sphingosine 1 -phosphate, 
dihydro-sphingosine-1 -phosphate , sphingosylphosphoryl choline 
(lysosphingomyelin) , and lysophosphatidylcholine. LPLs exert many of 
their biol . effects through specific plasma membrane and/or intracellular 
receptors. LPLs are abundantly present in biol. fluids and many of them 
are generated through stimulus -coupled activation of biochem. pathways. 
With only very few exceptions (e.g. RH7777 hepatoma, Sf9 insect, and 
Saccharomyces cerevisiae cells) , most cells are responsive to one or more 
LPLs, indicating a widespread expression of their receptors. LPLs promote 
cell survival, exert mitogenic/antimitogenic regulation of the cell cycle, 
affect cell shape and enhance/inhibit cell motility, regulate 
organotypic differentiation, modulate immunol . responses, and regulate 
Ca2+ homeostasis. In a pathol . context, LPLs have been shown to play a 
role in tumor cell invasion, angiogenesis, neointima formation, 
development of the heart ventricles, chemotherapeutic and radiation 
resistance, facial dysmorphism, nociception, and suckling behavior. The 
current understanding of lysophospholipid biol. is very limited and the 
present understanding of their role in disease is rudimentary. 
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TI Induction of connective tissue growth factor (CTGF) in human endothelial 

cells by lysophosphatidic acid, sphingosine-1- 

phosphate, and platelets 
AB Endothelial dysfunction is characterized by multiple interactions between 

endothelial cells and components of the blood. This study focussed on the 

induction of the proTatherogenic connective tissue growth factor (CTGF) in 

endothelial cells by bioactive lipids and platelets. 

Lysophosphatidic acid (LPA) and sphingosine-1 -phosphate 

(SIP) led to a time- and concentration-dependent increase in CTGF mRNA and 
protein expression in the human endothelial cell line EAHY 926 and in 
primary cultures of human umbilical vein endothelial cells (HUVEC) . As 
both cell types expressed various receptors for LPA and SIP, signaling 
pathways were further characterized by Pharmacol, means: induction of CTGF 
was pertussis toxin-insensitive and inhibition of activation of 
p42/44 MAP kinases only partially reduced CTGF expression. On the 
contrary, interference with the RhoA signaling pathway by simvastatin, an 
inhibitor of geranylgeranyltransf erases , or the Rho-kinase 
inhibitor Y27632 prevented induction of CTGF. Co-incubation of 
endothelial cells with freshly isolated human platelets significantly 
increased the expression of CTGF mRNA in endothelial cells, which was also 
sensitive to simvastatin. Up-regulation of CTGF in endothelial cells, 
induced by LPA, SIP, or platelets, may contribute to the initiation and 
progression of atherosclerosis. Interference of simvastatin 
with the synthesis of this pro-atherogenic factor further supports the 
anti- atherogenic role of statins. 
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TI Effects of adrenomedullin on cell proliferation in rat adventitia induced 
by lysophosphatidic acid 

AB Lysophosphatidic acid (LPA) is a bioactive 

phospholipid having growth factor-like activity on fibroblasts and is 
involved in cardiovascular diseases such as hypertension and 
heart failure by inducing vascular remodeling, characterized by fibroblast 
proliferation and migration in adventitia. Among various bioactive 
factors that LPA works with, adrenomedullin (ADM) is a multiple functional 
peptide with an important cytoprotective effect against 
cardiovascular damage. We studied rat aortic adventitia to 
explore the possible paracrine/autocrine interaction between endogenous 
ADM and LPA. LPA stimulation of the adventitia to secrete ADM and express 
its mRNA was concentration dependent. ADM inhibited LPA- induced 
proliferation in adventitial cells and attenuated the activity of 
mitogen-activated protein kinase (MAPK) stimulated by LPA. In contrast, 
treatment with specific antagonists of the ADM receptor 



potentiated the LPA-induced proliferation in adventitial cells. We 
concluded that LPA stimulates the adventitia to produce and secrete ADM, 
which in turn regulates the vascular biol . effects of LPA. 
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TI Lysophosphatidic acid induces neointima 
formation through PPARy activation 

AB Neointimal lesions are characterized by accumulation of cells within the 
arterial wall and are a prelude to atherosclerotic disease. Here the 
authors report that a brief exposure to either alkyl ether analogs of the 
growth factor-like phospholipid lysophosphatidic acid 
(LPA) , products generated during the oxidative modification of low d. 
lipoprotein, or to unsatd. acyl forms of LPA induce progressive formation 
of neointima in vivo in a rat carotid artery model. This effect 
is completely inhibited by the peroxisome prolif erator-activated 
receptor (PPAR)y antagonist GW9662 and mimicked by 
PPARy agonists Rosiglitazone and l-O-hexadecyl-2 - 

azeleoylphosphat idylcholine . In contrast , s tearoyloxovalerylphosphat idylc 

holine, a PPARa agonist and the polypeptides epidermal growth 

factor, platelet-derived growth factor, and vascular endothelial growth 

factor failed to elicit neointima. The structure-activity 

relation for neointima induction by LPA analogs in vivo is 

identical to that of PPARy activation in vitro and disparate from 

that of LPA G protein-coupled receptor activation. Neointima 

-inducing LPA analogs up-regulated the CD36 scavenger receptor in vitro 

and in vivo and elicited dedif f erentiation of cultured vascular smooth 

muscle cells that was prevented by GW9662 . These results suggest that 

selected LPA analogs are important novel endogenous PPARy ligands 

capable of mediating vascular remodeling and that activation of the 

nuclear transcription factor PPARy is both necessary and sufficient 

for neointima formation by components of oxidized low d. 

lipoprotein. 
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TI Potential role of lysophosphatidic acid in 
hypertension and atherosclerosis 

AB A review. Lysophosphatidic acid (LPA) is present in 

both serum and cytosol. Serum LPA is mainly released from platelets 
whereas cytosolic LPA is the metabolite of phosphatidic acid due to the 
action of phospholipase A2 . Because platelet function and phospholipase 
A2 activity are upregulated in hypertensive and coronary heart disease 
patients, resp., plasma and cytosolic LPA levels are expected to be higher 
in these pathol . conditions. LPA is known to cause platelet aggregation 
and thus release more LPA as well as platelet -derived growth factor; this 
pos . feedback circuit leads to the continuous growth of vascular smooth 
muscle cells (VSMCs) . LPA also increases the intracellular concentration of 

free 

calcium in VSMCs and elevates the blood pressure. LPA content in the 

atherosclerotic plaque is elevated about 13 times in comparison with 

normal tissues because oxidized low-d. lipoproteins promote the production of 

LPA. On the other hand, LPA has been shown to protect the heart from 

ischemia and reperfusion- induced damage due to its antiapoptosis effect. 

Because LPA has been reported to stimulate mitogen-activated protein 

kinase, phosphatidylinositide-3 -kinase and protein kinase C, this 

bioactive phospholipid may be involved in the signal transduction 

mechanisms during the process of cardiac hypertrophy. Due to its ability 

to increase intracellular Ca2+ and proliferation of VSMCs, LPA may play an 

important role in the development of hypertension and 

atherosclerosis. It is therefore suggested that LPA 

antagonists may prove useful in the treatment of both hypertension 

and atherosclerosis. 
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TI Modulators of lysophosphatidic acid signalling 

AB A review. Lysophosphatidic acid (LPA) is a key lipid 

mediator in the regulation of cell proliferation, cell survival, motility, 
invasion, and wound healing in normal cells, such as fibroblasts and 
hematopoietic cells. In addition, LPA signaling is implicated in cancer, 
atherosclerosis, ischemia perfusion injury, and other 

pathophysiol . conditions. LPA, sphingolipids , and other lysophospholipids 
act through several mechanisms: (i) a family of cell-surface 7 
transmembrane domain G-protein-coupled receptors; (ii) a nuclear 
hormone -activated transcription factor; (iii) membrane curvature and 
endocytosis, and (iv) other targets yet to be defined. Based on the 
action of LPA on mol . targets in different human pathologies, both 
receptor- selective agonists and antagonists are sought as 

potential clin. agents. In addition, the control of endogenous production and 
clearance of LPA may provide an important target for treatment of multiple 
disease states. Thus, modifiers of phospholipase Al and A2, 
lysophospholipase D, LPA acyl transferase, and lipid phosphate phosphatase 



activities should be explored as potential therapeutics. This overview 
summarizes the literature and issued patents covering the mol . agents 
developed to potentially manipulate the specific effects of LPA on cell 
physiol. and clin. outcome. 
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TI Activation of human monocytic cells by lysophosphatidic 
acid and sphingosine-1 -phosphate 

AB Lysophosphatidic acid (LPA) and sphingosine-1- 

phosphate (SIP) are serum-borne lipid mediators with potential 
proinflammatory and atherogenic properties. The authors studied the 
effects of LPA and SIP on [Ca2 + ]i, a second messenger of cellular 
activation, in human monocytic Mono Mac 6 (MM6) cells. LPA and SIP 
induced [Ca2+] i transients with EC50 values of 47 and 340 nM, resp. Ca2 + 
signals evoked by LPA and SIP originated mainly from the stimulation of 
Ca2+ entry, were blocked by the phospholipase C inhibitor 
U73122, and were inhibited by pertussis toxin. The LPA1 and 
LPA3 receptor antagonist dioctylglycerol pyrophosphate 
inhibited the LPA-induced Ca2+ signal. Notably, serum and 
minimally modified LDL (mm-LDL) evoked [Ca2+] i increases that were 
mediated entirely via activation of LPA receptors. Reverse transcriptase 
polymerase chain reaction (RT-PCR) anal, showed the presence of the LPA 
and SIP receptor subtypes LPA1, LPA2, S1P1, S1P2, S1P4 in MM 6 cells, human 
monocytes, and macrophages. Thus, LPA, mm-LDL, and serum induce via 
activation of the LPA1 receptor a Gi/phospholipase C/Ca2+ signaling 
pathway in monocytes. This study is the first report showing the 
receptor-mediated activation of human monocytes by low nanomolar concns . 
of LPA and SIP, and suggests a role of these lipid mediators in 
inflammation and atherogenesis . 
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TI Lysophospholipids and the cardiovascular • system 

AB A review. The lysophospholipids sphingosine-1 -phosphate (SIP) and 
lysophosphatidic acid (LPA) have varied effects on the 
cardiovascular system. SIP is necessary for normal vascular 
development and may play an important role in angiogenesis . These mols. 
may exert potentially detrimental effects. Both SIP and LPA are released 
from activated platelets and can in turn stimulate platelet aggregation. 



These thrombogenic effects would further enhance ischemia in acute 
coronary syndromes and myocardial infarction. LPA is a major component of 
the lipid core of human atherosclerotic plaques and can stimulate vascular 
smooth muscle proliferation. Both LPA and SIP cause cardiac myocyte 
hypertrophy in vitro. Beneficial effects include cardioprotection both in 
vitro and during ischemia/reperfusion in an ex vivo whole heart mouse 
model. Understanding both the acute and the chronic physiol . and 
pathophysiol . roles of the lysophospholipids and their cognate receptors 
and signaling pathways in the cardiovascular system, which are 
likely to be species-, tissue-, and cell-specific, may allow the 
development of mols. that can be targeted to stimulate or inhibit 
a specific function. 
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TI Lysophospholipid growth factors and their G protein-coupled receptors in 

immunity, coronary artery disease, and cancer 
AB A review. The physiol. lysophospholipids (LPLs) , exemplified by 

lysophosphatidic acid (LPA) and sphingosine 1-phosphate 

(SIP), are omnific mediators of normal cellular proliferation, survival, 
and functions. Although both LPA and SIP attain micromolar concns . in 
many biol . fluids, numerous aspects of their biosynthesis, transport, and 
metabolic degradation are unknown. Eight members of a new subfamily of G 
protein-coupled LPA/S1P receptors, originally termed Edg Rs, bind either 
LPA or SIP with high affinity and transduce a series of growth- related 
and/or cytoskeleton-based functional responses. The most critical areas of 
LPL biol. and pathobiol . are neural development and neurodegeneration, 
immunity, atherosclerosis and myocardial injury, and cancer. 
Data from analyzes of T cells established two basic points: (1) the 
plasticity and adaptability of expression of LPA/S1P Rs by some cells as a 
function of activation, and (2) the role of opposing signals from two 
different receptors for the same ligand as a mechanism for fine control of 
effects of LPLs. In the heart, LPLs may promote coronary 
atherosclerosis, but are effectively cytoprotective for hypoxic 
cardiac myocytes and those exposed to oxygen free radicals. The findings 
of production of LPA by some types of tumor cells, overexpression of selected 
sets of LPA receptors by the same tumor cells, and augmentation of the 
effects of protein growth factors by LPA have suggested pathogenetic roles 
for the LPLs in cancer. The breadth of physiol. and pathol . activities of 
LPLs emphasizes the importance of developing bioavailable nonlipid 
agonists and antagonists of the LPA/S1P receptors for diverse 
therapeutic applications. 
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TI Stimulation of platelets and endothelial cells by mildly oxidized LDL 
proceeds through activation of lysophosphatidic acid 
receptors and the rho/rho-kinase pathway. Inhibition by 
lovastatin 

AB A review with 7 ref s . is given on recent results concerning the 

identification of the components in mildly oxidized LDL (mox-LDL) that 
induce platelet and endothelial cell activation. Mox-LDL stimulates 
platelets through activation of the lysophosphatidic 
acid (LPA) receptor. Mild or min. oxidation of LDL produces biol . 
active LPA pointing at a new, nonenzymic pathway for the formation of LPA. 
Mox-LDL induces platelet chape change via Rho/Rho-kinase activation. In 
endothelial cells, mox-LDL induces myosin light chain (MLC) 
phosphorylation and actin rearrangements. Pretreatment of endothelial 
cells with lovastatin completely abolished the effects of LPA and mox-LDL 
on cell morphol. and MLC phosphorylation. 
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TI Lysophosphatidic acid mediates the rapid activation of 

platelets and endothelial cells by mildly oxidized low density lipoprotein 
and accumulates in human atherosclerotic lesions 

AB Oxidized low d. lipoprotein (LDL) is a key factor in the pathogenesis of 
atherosclerosis and its thrombotic complications, such as stroke 
and myocardial infarction. It activates endothelial cells and platelets 
through mechanisms that are largely unknown. Here, we show that 
lysophosphatidic acid (LPA) was formed during mild 

oxidation of LDL and was the active compound in mildly oxidized LDL and 
minimally modified LDL, initiating platelet activation and stimulating 
endothelial cell stress-fiber and gap formation. Antagonists of 
the LPA receptor prevented platelet and endothelial cell activation by 
mildly oxidized LDL. We also found that LPA accumulated in and was the 
primary platelet-activating lipid of atherosclerotic plaques. Notably, 
the amount of LPA within the human carotid atherosclerotic lesion was 
highest in the lipid-rich core, the region most thrombogenic and most 
• prone to rupture. Given the potent biol. activity of LPA on platelets and 
on cells of the vessel wall, our study identifies LPA as an 
atherothrombogenic mol . and suggests a possible strategy to prevent and 
treat atherosclerosis and cardiocerebrovascular diseases. 
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